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circuit when e, = 50 cos

current control schemes are comgared with respect to the
sampling periods as shown in Fig.fA It can t= noted that the
crror of the proposed scheme vpriks siightly for the large
variations in joad parameters. M er, the current error of
the proposed scheme is reduced rore yapidly than that of the
predictive control scheme as the sgmpling period is decreased.
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BIPOLAR JUNCTION TRANSISTORS
FABRICATED IN SILICON-ON-SAPP!!!RE

E. N. Cartagena, B. Offord and G Garca

Imdexing terms: Bipolar devices. Transistors, Semicondu o
devices und materials

The cifects of processing tempersture on collector leakage

current m bipolar juncton rassetors (BITs) fabricaied on.

sthcon-onssapphire (SO5) wore cvamuned AL low proces
temperatures {850°C) 4 reduction of five orders of magmiude
i the collector leakage current was observed. Excclient |V
chiracteristics were obtauned on both NPN and PNP tran-
sistors fabricated at lower temperatures. Measured DO
current gain § for the NPN devices was 30, and that of the
PNP devices was 40. Additenally, current mode fogic (CM 1L}
arcuits fabricated using these transstors exhibited well
behaved DC switching charactenstics

Introduction: Advances i sidicon-on-sapphire (SOS) pro-
cessing have increased the bfetime of the matenal as well as
reducing microtwin defects and stacking faults. Processing
techniques such as lowering the epitaxy-growth temperature,
growing layers on heavily phosphorus-doped layers [1] and
using arsenic-doped films [2] bave resulted in higher hietine
and therefore lower junction leakage current, in SOS films
The development of double-solid-phase-epitaxy {DSPE) [3)
huas improved the crystal quality by eliminating the propaga-
tion of microtwins and stacking faults which contribule to
emitter to collector shorts in bipolar devices. These improve-
ments in processing techniques have made SOS a desirable
candidate material for bipolar junction transistors (BJTs).
BJTs in SOS have several distinct advantages over their
bulk counterparts. Total isolation between devices can be
obtained by etching Si islands into the sapphire substrate.
Because the devices are fabricated on an insulating substrate,
there is a reduction in collector to substrate capacitance which
may give rise 10 a 12% decrease in ECL gate delay [4]
Because devices are completely isolated from each other, there
is no possibility of latch-up. Also. all interconnecting lines are
on the insulating substrate, thereby contributing little par.
sitic capacitance and allowing high-voltage and high-
frequency components in close proximity [5]. Additionaily,
devices fabricated 10 SOS have shown that radsation-indeced
photocurrents are three orders of magmitude lower than in
bulk silicon, making for a very radiation hard technology (6].
Most of the development of BJTs on SOS has been
restricted to lateral BJT devices [7] and epitaxia. BJTs (8]
We report the successful {abrication of vertical diffused NPN
and PNP BJTs fabricated in SOS. We have used all implanted
base and emitter regions and we compare high-temperature
cmitter anneals against low-temperature emitter anneals and
examine their effect on the resultant device behaviour,

Fabrication: The SOS wafers used had a diameter of 100mm
with an initial intrinsic thickness of 2700 A. The matenal was
improved by using DSPE techniques to obtain high quality
transistors. The initial step in the DSPE process is amorphisa-
tion of the silicon at the silicon-sapphire interface. This was
accomplished using an implant of Si*? at an energy of
185KeV and a dose of 6 x 10'*ionfcm? An anneal in N,
recrystallised the silicon using the upper layer of silicon as a
seed. The second step in the DSPE process is amorphisation
of the silicon at the surface accomplished by using a shallow
implant of Si?® at an energy of 100KeV and a dose of
10'*ionfcm?. A final anneal 1n N, recrystallised the sihcon
surface using the bottom layer as a sced thus completing the
DSPE process.

Half the walers were used for NPN devices, the other half
for PNP devices. To reduce colicctor series resistance a buried
layer was implanted into the 2700 A intrinsic silicon material
For the NPN devices the buricd layer was formed by 1on
implantation of phosphorus at 80KeV with a dose of
3 x 10'%ionf/cm?. The PNP buried layer was formed using a
boron implantation at 30 KeV with a dose of 1:5 < 10" “ron/
cm? followed by another boton dose of 15 x 10" 10ncn’
70 KeV. The NPNs and PNPs were then anncaled in <eparate
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tarnaces oo N, oambient Subsequently, 4 30m netype
epitaxial layer with a nomuinal doping density f 10'®1on/c?
was grows on the NPN wafers Similarly, a 3-0m epitaxial
p-type layer with a nominal doping densuy of 10" 1onicm’
wis prown on the PNP wafers

Alter eprtaxaal deposition the devices were 1solated using a
putasstum hydroxide eteh which removed all siicon between
devices. Var@uons i implant doses and anneal temperatures
provided an adequate test matnx wn which to analyse tem:
perature-related effects on these devices. The temperatures
chosen for the emitter anneal were 850 and 950°C. The
implant  doses were S x 10'2ion/em?, 10'%jon/em?  and
2 x 10'?onfcm?. After the implants and emitter anneals, a
5000 A low temperature oxide was deposited and densified. A
metal interconnect using titanium and Al/1%Si provided ade-
quate step coverage and minimised spiking into the narrow
emitter junctions.

Resultx: DC characteristics were measured on NPN and PNP
devices with a | x 8um? emitter. Measured Gummel plots
for NPN devices, shown in Fig. 1, and PNP devices, shown in

-

'3 2, display the DC bipolar behaviour. Fig. 1 shows an
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Fig. 1 Gummel characteristics for NPN transistor with varying emitter
anneals
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Fig. 2 Gummel characteristics for PNP transistor with 850°C emirter
anneal

NPN transistor processed at 850°C, device NPN1, superim-
posed aver that of one processed at 950°C, device NPN2.
Device NPN2 exhibits five orders of magnitude higher collec-
tor leakage current than device NPN1. However, it should be
noted that the base current in device NPN1 exhibits higher
recombination than device NPN2, as evidenced by the shallo-
wer siope of NPN1 at base—emitter voltages less than 0-6V.
This effect is most likely due to the lower processing tem-
perature of device NPNI, The anneal time at 850°C was not
long enough to anneal the damage caused by the base and
emitter implants. To maintain high current gain and low col-
lector leakage while decreasing the recombination rate, an
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vpumum anneal temperature Gyne refatiombip nnaet be deared

oped. The measured cutrent gamn for the NPN devicey o M
and that of the PNP devices 1s 10

Fig. 3 demonstrates a current mnde togie (CMI e
transfer curve fabncated using NPN toansstons froan tha
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Fig. 3 Cwrent mode logic transfer curve for inverter fabricated with
NPN devices

process. The transfer curve shows excellent DC transfer char-
acteristics, with a 200mV input signal driving the output from
—1-2V to —2-2V indicative of the proper current steening
mechanism that is behind CML circuits.

AC measurements were made on NPN transistors with a
network analyser. f, values were obtained for collector
current [, vanations of 10, 20, 30, 40, and S0 uA. Coliector
current variations above this amount could not be performed
using these particular test structures without sigmificant
damage to the test devices. The data for f, against [ are
shown in Fig. 4. It can be seen {rom Fig. 4 that the f, at 50pA
is 221 GHz However, the curve appears to be on an upward
slope and the maximum f; valuc is not reached within this set
of data.
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Fig. 4 Frequency characteristics for NPN transistor

Conclusions: It has been shown that by using current tech-
niques {for SOS processing along with reduced anneal tem-
peratures, BJTs on SOS can be [abricated which exhibit low
emitter collector leakage, decent bipolar current gain, and
suitable circuit performance. Additionally, it can be said that
this was the first demonstrated work in which complementary
vertical BJTs on SOS were processed simultancously using the
same processing techniques.
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